The focus of this project is planning for the evacuation of the nursing homes of the city of Virginia Beach, VA in response to a hurricane risk. The population of nursing homes, hospitals and assisted living communities need special assistance when evacuating an area, requiring medications, equipment, and specialized transportation.
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Section 1: Introduction and Project Background
Hurricanes like Katrina in 2005 provide an object lesson with regard to the special attention to the aid necessary for the sick and elderly in the most extreme of conditions.
Whether the consequences are fatalities following direct destruction of built environments or are due to the hardships that follow, the lack of hurricane preparedness of nursing homes and similar facilities remains a significant problem. This project takes a geographic information management approach, vital in developing a community's capabilities and expertise to respond to а catastrophic disaster. Following Hurricane Katrina, New Orleans and parts of Mississippi, in conjunction with the federal government, conducted brainstorming sessions discussing successes and failures for future help in the evacuation of hospital patients and nursing home residents; claiming it а top priority (Walker 2006) . This project attempts to learn from the Katrina experience in order to identify the geographic information necessary to upgrade emergency action plans in Virginia Beach. After introducing the background events, the project goals and objectives are established in the second section. The third section specifies the research questions and the methods are detailed in section four. Results and findings are set out in section five, and the conclusions are found in the final section.
The decision not to evacuate during Hurricane Katrina proved to be fatal for some nursing home patients in Louisiana. Of the fatalities, 74% were among people aged 60 and over and nearly 20% of the fatalities were recovered from nursing homes (Terwilliger 2007) . These statistics raise legal issues about who is responsible for making the decision to shelter in place or evacuate the region. In one incident, after the deaths of 34 patients in Rita's Nursing Home located in St. Bernard Parish, the landlords have filed civil lawsuits against government entities such as Governor Kathleen Blanco and the Army Corps of Engineers listing them as co-defendants. This third-party demand could result in а decision that other defendants are liable for the deaths, either in whole or in part, and will be held liable in the future (Roberts 2006) . homicide. The owners, who ran the nursing home for 20 years, believed that they could safely take care of their patients at the facility without risking a difficult evacuation that could injure their frail, elderly patients (Roberts 2006 
Section 2: Goals and Objectives
The objective of this project is to investigate the plans and procedures for the evacuation of nursing homes located in Virginia Beach, VA in the event of a hurricane.
My goals are to produce a needs assessment of the geographic information and to implement a database necessary to affect a safe and efficient evacuation plan for the nursing homes. This project considered 13 nursing homes and evaluated their decision to shelter in place in relation to recent storm surge data for the area, elevation, and relative location Further data was collected on the nursing facilities' population (patients and staff), Medivac needs, transportation plans, generator status, and food and water supplies.
While it is impossible to pinpoint all the variables contributing to the efficient evacuation of an area, the Virginia Beach area is an ideal location for a case study due to its geographical site and situation. Virginia Beach is a city set within the Hampton Roads region, which is a major metropolitan area with a wide variety of land uses and waterway obstacles that will necessitate careful documentation for modeling.
Section 3: Research Questions
The primary focus of this project is the question "What geographic information is predictions?
To answer these questions, a basic understanding of the possible effects of hurricanes in the study area is needed, along with an accounting of the nursing home plans, details of federal and state codes, and identification of the agencies designated to assist in the event of an emergency. Storm surge data used in this research is based on hurricane category. To classify hurricanes and to assist in making predictions of damage, the National Oceanic and Atmospheric Administration [NOAA] hurricane forecasters use a five category disaster-potential scale, commonly known as a Saffir-Simpson Hurricane Scale, Table 1 . Category four hurricanes or above are considered to be catastrophic to Virginia Beach due to its low elevation; categories three and four will be discussed and modeled in the course of this research. 
Section 4: Methods
The location of the resources needed to complete the research in Virginia Beach, Virginia necessitated three months of onsite field work. Residence in the study area allowed convenient access to points of contact, development of a contacts network, and to the required data. The first step was to identify the spatial data layers needed for the database ( (Hamor 2007) . Storm surge also can affect rivers and inland lakes, potentially increasing the area that must be evacuated (FEMA 2006 Each nursing home was visited to review its evacuation plan and to obtain an overview and details of their intentions during an evacuation. Most directors and administrators were very forthcoming and provided their emergency plan and discussed it at length. Nevertheless, a few agreed to meet with me, but tended to be very guarded while referencing their emergency action plans; with one director refusing to meet with me outright. That facility will be noted in this study by locational data only.
Once this data was collected, ARCGIS™ (Version 9.1) was used to create the desired maps. The primary GIS layers used in creating the maps were the elevation, 
Section 5: Results and Findings
To help nursing homes develop their individualized hurricane plans and assist the Emergency Operations Center in its evaluation of evacuate plans, it is important to focus more closely on individual nursing homes. This chapter will examine emergency plans of nursing homes during category three and category four hurricane surges. hurricane is predicted to strike this area. Seaside nursing home is predicted to be completely flooded and with the emergency generators located on the ground level, they will experience a complete loss of power. Under these circumstances, attention will be needed in the immediate aftermath of the storm to aid survivors. Westminster will also be flooded but the portable generator is located on the third floor, the residents will be able to evacuate vertically from flooding, but will still have to deal with potential risk from the high winds associated with the storm. Beacon Shores and River Point nursing homes will start to experience flooding during this category of hurricane. Generators located on the ground level means that loss of power will certainly be an issue.
A category four hurricane is catastrophic event. Maps being modeled in this project reflect storm surge data alone and in do not reflect attributes of sustained winds above 130 mph, flying debris, tornados, or fallen trees. In Figure 6 , half the nursing homes are under storm surge flooding predictions. Over 90% of the shelters are no longer available for the population of Virginia Beach. Nursing homes such as Beacon Shores, Sentara Nursing, River Point, and Our Lady of Perpetual Help nursing home emergency plans call for sheltering in place and will now be a major concern for the emergency management office.
To access each nursing home's plan, larger scale maps are needed. The first set of maps I will model is for nursing homes on higher ground, miles inland form the beach (Figures Figure 6 : Category Four Storm Surge 7/8). Although they have access to shelters in their area, they will never be used under category three conditions as modeled. Each has a complete team of doctors and nursing staff, access to all medical equipment, medicines, records, and their own generator, defending in place at this storm classification is more than justified.
Figure 7: Berger-Goodrich/Oakwood Nursing Homes, Category Three Surge
These homes are on higher ground and further inland than most of the facilities in the area. With all the necessities available to them, the decision to defend in place is a very reasonable plan. The same findings hold true for Bay Point, Va. Beach,
Windermere, and the Lady of Perpetual Help nursing homes; all on higher ground.
Figure 8: Heritage Hall/Bayside Nursing Homes, Category Three Surge
Turning our attention to nursing homes that are predicted to have storm surge problems during a category three hurricane, Figure 9 illustrates River Point, Beacon
Shores and Sentara nursing homes during a category three predicted storm surge.
Figure 9: River Point/Beacon Shores/Sentara Nursing Homes, Category Three Surge
All three nursing homes are surrounded by water and are on an existing hurricane made island. Worst case scenarios predicted for Beacon Shores shows them to be flooded during this storm surge, with River Point right on the edge of the same demise.
Westminster nursing home, in Figure 10 , will be enduring flooding during this category of Hurricane. Their current plan is to defend in place by evacuating the first two floors and fleeing vertically. They have backed up this plan by installing a 3 rd and portable generator on the 3 rd floor of the nursing home. There is a shelter that is three miles southeast of the facility that could be used as a last resort.
Figure 10: Westminster-Canterbury Nursing Homes, Category Three Surge
Seaside Nursing home is also defending in place during a category three hurricane. With their generator on the ground level, loss of power will be inevitable. As seen in Figure 11 , once the storm hits, the only evacuation possibility will be to nearby shelters, two miles west.
Figure 11: Seaside Nursing Homes, Category Three Surge
Moving into category four model assessments, most nursing homes have conveyed a concern and a need to evacuate the area for both category four and category five hurricanes, but the transportation and designated evacuation site have not been established. (The entire area is predicted to be underwater for category 5) In Figures 12 through 14 are nursing homes inland and on higher ground. Berger-Goodrich, Oakwood, and Heritage Hall all plan on defending in place.
Although located on higher ground, the reason for defending in place is the lack of a destination facility to house their patients. Bay Point and Windermere both have expressed a desire to evacuate under these conditions but either lack the transportation Health have sister facilities to evacuate to prior to a category four hurricane but both are still lacking the transportation means.
All other facilities during a category four storm surge are predicted by the office of the Army Corp of engineers to be in a flood zone (Hamor, 2007) . Most plan to evacuate, but facilities such as River Point, Sentara Nursing, Beacon Shores, and Our Lady of Perpetual Help will try to defend in place amidst the storm surge predictions due to the lack of options.
As the models clearly demonstrate, there are some valid concerns for the readiness conditions of some of the nursing home facilities in the city of Virginia Beach.
In the event of a category three hurricane, approximately one-third of the homes will be in need of emergency assistance, which they will only receive in the aftermath of the storm. For a category four hurricane, the models demonstrate that number will increase to nearly one half. The models also show that the areas of the most concern are the beach front properties, the River Point area, and the Indian River area (Our Lady of Perpetual Help). Another area of concern is the Bay Point area. Although the three nursing homes in that vicinity all are depicted as being safe from the predicted storm flood zone, they will be isolated on a storm made island with a predictable loss of power and will have to rely on their generators.
Chapter 6: Conclusions
The two goals of the geodatabase design and implementation were both met. First, the creation of a visualization of the situation of each nursing home to be taken into hurricanes. Decisions varied from facility to facility on categories 4 and 5; these decisions were evaluated in the previous section.
The local Red Cross office made it clear that shelters were not approved for hurricane refuge and were not suitable for nursing homes to use without considerable assistance. Upon reviewing the models, a majority of shelters are relatively safe from storm surge damage and might be useful with "some" modifications to be of use to the nursing homes under extreme conditions. As the conditions exist today, places like the River Point area may be surrounded by water in a category three hurricane and utilizing whatever shelter is available may be essential, regardless of the condition or approval from the Red Cross. Further research should be done through the Army Corp of Engineers, FEMA, and the Red Cross to access the feasibility of such an undertaking or discuss other plausible options for the nursing homes in the area; as well as the population in general.
Although emergency plans are required by law to be complete, they were always in a state of flux. Each plan, unique to every facility, was constantly being changed and updated, classifying them as work in progress. This uncertainty may be attributed to the constant stream of new information, such as hurricane surge data, broken transportation contracts, changes in staffing, policy shifts, or a misinterpretation of exactly what was required of them in the first place. However, this reflects important adaptations to new information and conditions.
In discussion with each of these homes, transportation is the number one priority for planning the evacuation of nursing homes in Virginia Beach. With just two exceptions, nursing homes have been unable to secure transportation for their patients in advance of a disaster. Some of the establishments have a dedicated vehicle or two, but are not prepared to evacuate the entire population of their home. Most homes have approached the city's local transportation office (Hampton Roads Transit) in trying to secure city buses and have been refused assistance. Some have pushed forward in their search and found local businesses (e.g. Fun Tour Buses) to commit to a contractual agreement with their home, but have concerns on its reliability and the number of patients they will actually be able to evacuate. Those nursing homes that do not have plans in place for transportation will find themselves relying on state and federal help for evacuation. This reliance will be an issue because both federal and state entities are already inundated with other concerns in the community and have a limited supply of transportation options already in place.
The findings of this research will be given to the Virginia Beach Department of Public Health, and subsequently distributed to the local nursing homes, Emergency Management Office, and state and local EOCs. The GIS database itself will be given to the Virginia Beach Department of Public Health and later implemented into the operations of the local EOC, once further research is carried out and modifications are implemented. As with any database, there is always room for growth, maintenance and improvement to the system. I will continue to assist in this incorporation of new technology to ensure a smooth transition over to the local agencies and maintaining and updating database management.
